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DNA of Pharoah Quail embryos was examined using iso-
pycnic centrifugation in neutral CsCl. Two low density
minor bands (collectively termed satellite DNA) were
detected in addition to the main band DNA. Main DNA has a
higher buoyant density (density value) than the satellite
DNAs, reasoning that the satellite DNAs banded at the top
of the gradient. When total DNA was analyzed in alkaline
CsCl, three bands were observed. The larger of the three
(main peak DNA) peaked near the bottom of the gradient,
indicating that the satellite DNAs have a lower G+C content,
as compared to the main band DNA. Taken together, the
minor (satellite DNA) bands constitute about 20% of the
total DNA. The gradient profile obtained after centrifuga¬
tion of total DNA in the preparative ultracentrifuge shows
the satellite DNAs as shoulders on the low density side of
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the main band. Main band DNA has a 54% G+C content and a
46% A+T content. Satellite I has a 47% G+C content and a
53% A+T content. Satellite II has a 35% G+C content and
a 65% A+T content. Satellite I has a Tm of 62 C;
satellite II has a Tm of 54 C, and main peak DNA has a Tm
of 75 C. Microdensitometer tracing of Pharoah quail. Dl'IA
centrifuged in CsCl indicated two satellite peaks comprising
two classes of DNA molecules.
Satellite DNAs show buoyant densities and melting pro¬
files which are significantly different from main DNA com¬
ponents. Total DNA, when separated into distinct bands
during isopycnic CsCl centrifugation and characterized, has
allowed us to emphasize the widely divergent properties of
A+T rich satellite DNA isolated from Pharoah quail tissues.
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1. Preparative CsCl profile of eleven-day Pharoah
quail embryonic DNA. DNA was dissolved in
O.IXSSC, mixed with saturated CsCl, and spun
at 45,000 RPM at 20 C in a Type 50 rotor for
42 hr. Main band has a buoyant density of
1.718 g/ml and a G+C content of 59%; satellite
II has a buoyant density of 1.695 g/ml and a
35% G+C content 18
2. Purification of main band and satellite DNA
by alkaline CsCl ultracentrifugation. Gra¬
dients (4.5 ml) were prepared and centrifuged
for 42 hr at 45,000 RPM at 20 C in a Type 50
rotor. Fractions 10-35 contain the main band
DNA while fractions 36-39 represented
Satellite I and Fractions 42-44 represented
Satellite II. The respective fractions were
pooled as purified main band and satellite DNA .... 20
3a. Melting profile of total Pharoah quail DNA from
14-day embryos. Satellite DNA I has a melting
temperature of 54 C and a G+C content of 35%.
The main band DNA melts over a narrow range of
temperatures with a Tm of 76 C and a G+C content
of 59% 23
3b. Melting profile of purified satellite DNA from
Pharoah quail embryos. Satellite DNA I melts
over a range of temperatures with a Tm value of
54 C. Satellite II melts over a range of
temperatures with a Tm value of 62 C 23
3c. Melting profile of purified main band DNA from
Pharoah quail embryos. Main band DNA melts over
a broad range of temperatures with no indica¬
tion of regions with sharp increases in
absorbance. Main band DNA melts over a broad
range of temperatures with a Tm value of 76 C 23
4. Analytical centrifugation and boundary migra¬
tion of DNA in the presence of 0.9 N NaCl and
0.1 N NaOH. Samples were spun at 44,000 RPM
at 20 C and scanned at 4 min intervals. The
exposures were plotted against the actual
distance traveled. The molecular weight was
calculated to be 2 x 10^ daltons for single
stranded DNA 27
VI
5. Profile from 5-20% sucrose gradient:
Fractions of rRNA (18s and 28s) were isolated
from 12-day embryonic tissue by Phenol extrac¬
tion, layered on a 5-20% sucrose gradient,
spun at 40,000 RPM for 6.5 hr at 20 C in a
Beckman L5-75 ultracentrifuge, collected, and
the optical density read. Fractions 18-34
which contained 18s and 28s RNA were pooled
and frozen 30
6. Radioactive rRNA obtained from chick embryonic
tissue was hybridized to Pharoah quail DNA on
nitrocellulose filters. A peak of hybridiza¬
tion is seen on the heavy side of the main band
DNA at a density of 1.733 g/ml. The hybridiza¬
tion experiments were performed in 2XSSC for
16 hr at 65 C. Ribosomal DNA has a buoyant
density of 1.733 g/ml and a G+C content of 74%.
The rRNA was used at a concentration of




1, Moving boundary migration of DNA in the
presence of 0.9 N NaCl and 0.1 N NaOH.
Samples were spun at 44,000 RPM at 20 C
and scanned at 4 min intervals 25
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The DNA of eukaryotic organisms contains serially
repeated sequences which vary in amount and complexity
from one species to the next. Some of these sequences
differ from the bulk of the DNA in G+C content, and
hence appear as "satellites" when the DNA is bandec in
a CsCl density gradient (Kit, 1961; Szbalski, 1968).
Several satellite DNAs such as those of the mouse
(Pardue and Gall, 1970; Jones and Prosser, 1973), the
fly Rhynchosciara (Eckhardt, 1971), and several species
of Drosophila (Rae, 1970; Henning et , 1970; Gall
et al., 1971) have been shown by vitro RNA-DNA
hybridization to be located in the centromeric hetero¬
chromatin. However, very little is known about the
function of satellite DNAs (Walker, 1971). There is no
evidence that they code for protein.
Walker (1971) has suggested that the present day satel¬
lites in various organisms have been derived by extensive
mutation from much simpler repetitive DNAs whose original
repeat units were as short as six or eight nucleotide
pairs. The satellites as they now exist, however, are non-
homogeneous (Britten and Kohne, 1968).
Some repetitive DNAs are sufficiently different in base
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composition from the major DNA component. They separate
into distinct bands during isopycnic CsCl centrifugation.
Satellite DNA may have a buoyaint density in neutral CsCl
lower than the main DNA, as in the mouse (Kit, 1961) .
On analyzing DNAs from various organisms, a nvimber of
investigators have found satellites with base compositions
distinctly different from the main DNA component. One of
the remarkable characteristics of satellite DNAs in general
is their interstrand bias in base composition, one strand
being richer in guanine and/or thymine residues than its
complement. Such asymmetry of base composition has been
found in satellites from the mouse (Flamm, 1967) and the
guinea pig (Flamm, 1967).
The present paper concerns the isolation and charac¬
terization of DNA by centrifugation of the total DNA in
neutral CsCl density gradients, separation of their
complementary strands in alkaline CsCl and heat denaturation
profiles. The satellite DNAs of Pharoah quail have been
investigated and some of their physical and chemical proper¬
ties have been determined.
CHAPTER II
REVIEW OF LITERATURE
Satellite DNAs and other repeated nucleotide sequences
are present in the nuclear DNAs of virtually all eukaryotes,
and are localized in centromeric heterochromatin (Jones and
Prosser, 1973).
Satellites and other repeated sequences from related
organisms failed to form molecular hybrids in vitro, sug¬
gesting that they are unrelated in nucleotide sequence.
This apparent species specificity, coupled with their short
repeat length and high reiteration, has led to the hypothesis
that repeated sequences arose independently many times during
evolution by a process termed saltatory replication (Walker,
1971; Britten and Kohne, 1968). The single strands of satel¬
lite DNAs from closely related rodents do not form hybrids in
vitro with each other (Hatch and Mazrimas, 1970). Since by
this criterion it would appear that satellites are species
specific, as well as tandemly repeated, it has been suggested
that they arose independently by the reiteration of unrelated,
unrepeated nucleotide sequence.
Neutral CsCl pycnography resolved DNA of Drosophila,,
virilis embryos into four discrete bands (Pardue and Gall,
1970). Their densities, relative to E. coli DNA (p=1.703), are:
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main band, p=1.693; satellite I, p=1.685; satellite II,
p=1.680; satellite III, p=1.664. The designation of bands
used here corresponds to that suggested by Gall et al.
(1974). Blumenfeld ^ al (1973) designated the main band
as fraction I and satellites I, II and III as fractions II,
III and IV, respectively. They represent, respectively,
60, 23, 9 and 8% of diploid DNA (Gall et , 1971;
Blumenfeld et , 1973).
Recent studies utilizing ^ situ hybridization or
nuclear subfractionation have shown that satellite DNA tends
to be localized in the constitutive heterochromatin of
eukaryotes. The buoyant density and satellite content of
nuclear siobfractions have been presented previously
(Bostook and Prescott, 1971a and 1971b). These studies
demonstrated that the pure nucleoli and nucleoli treated
with 2 M sodium chloride contained the greatest concentration
of satellite DNA. They also demonstrated that the buoyant
density of the main band DNA underwent a progressive shift
from 1.7010 g/cm^ in whole nuclei, to 1.7007 g/cm^ in DNA
from heterochromatin plus nucleoli, to 1.6999 g/cm^ in DNA
from heterochromatin plus nucleoli, to 1.6999 g/cm^ in pure
nucleoli, to 1.6991 g/cm^ in nucleoli treated with 2 M NaCl.
Since the latter fractions probably represent progressively
purer heterochromatin, these observations were compatible
with the replication studies which have shown that early
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replicating, presumably euchromatic, DNA is relatively
G+C rich, and late replicating, presumably heterochromatic,
DNA is relatively A+T rich (Tobia et , 1970).
It has been suggested that all constitutive hetero¬
chromatin is enriched in rapidly, or moderately repititious
DNA (Yasmineh and Yunis, 1971). Centrifugation of native
mouse DNA showed that the buoyant density of the main band
was less in the DNA from pure nucleoli fractions than in
the DNA from the whole nuclei or euchromatin fraction. This
was consistent with the A+T richness found in late repli¬
cating presumably heterochromatic DNA and indicated that
this non-satellite DNA was not just the result of
contaminating euchromatin. This indicated that a signifi¬
cant portion of heterochromatin was not satellite DNA. It
did not rule out the possibility that this might be
moderately or even highly repetitious DNA with a base compo¬
sition near that of main band DNA. The denaturation-renatura-
tion experiments, however, tend to rule this out, since the
shift toward the density of native DNA (a measure of rates of
renaturation) was no greater than expected on the basis of
its slight A+T-richness.
Studies of nuclear subfractions of guinea pig utilizing
preparative ultracentrifugation in Ag‘''Cs2S04 have shown an
enrichment of the satellites in the heterochromatin plus
nucleoli fraction (Yasmineh and Yunis, 1970a). Centrifuga¬
tion of denatured-renatured DNA allowed an evaluation of the
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degree to which there was an alteration in rapidly renaturing
DNA in these fractions. After 4 hr of renaturation the DNA
from whole nuclei showed a main band density of 1.715 g/cm^
and a peak of rapidly renaturing DNA at 1.711 g/cm^ consti¬
tuting approximately 6% of the total DNA. This was reduced
to 3% in the euchromatin fraction- and increased to 12% in
heterochromatin plus nucleoli and 28% in pure nucleoli
fraction.
Arrighi and Hsu (1971) reported a prominent heavy
satellite constituting 28% of total DNA of the horse. They
confirmed the observation that in DNA from whole nuclei there
is a prominent satellite with a density of 1.712 g/cm^
constituting 28% of the DNA. This was reduced to 12% in
euchromatin but progressively increased to 35 and 38% in
heterochromatin plus nucleoli and pure nucleoli fractions.
Delap and Rush (1978) developed a method for large
scale purification of small circular DNAs in high yield
from cell suspensions or from intact tissues. Purification
steps include selective alkali denaturation, phenol extrac¬
tion, ethanol precipitation and repeated CsCl-ethidium bro¬
mide equilibrium sedimentation. Using African green monkey
cells, they estimated that there is' an average of 3000 of
the circular molecules per cell. They suggested that these
small circular DNAs could represent amplified genes, plasmids,
nonfunctional products of DNA replication, or DNA which is
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excised in order to join genes which are not contiguous
in the germ line.
Deininger and Schmid (1978) examined the evolution of
repeated DNA sequences in primates by studying the rate
at which human, monkey and galago DNAs cross-hybridize,
and by testing the thermal stabilities of interspecific
heteroduplexes of these DNAs using the criterion of the
thermal stability of DNA heteroduplexes, both classes of re¬
peated sequences are at least as well conserved as unique DNA
sequences. As judged by their renaturation rate, the short
interspersed repeated sequences from humans have nearly the
same nximber of complementary sequences in both monkey and
galago as they do in humans. In contrast, long repeated
hiaman DNA sequences hybridize with a smaller nxamber of
complements in monkey and with an even smaller number in
galago.
Walker and McCallum (1969) studied repetitive sequences
using the European field vole (Microtus agrestis). No satel¬
lite bands were observed and the buoyant density was the same
for the DNA of all nuclear subfractions. The renatured main
band of euchromatin and heterochromatin DNA showed a mean
density of 1.717 g/cm^ and a small rapidly renaturing
satellite constituting 3 and 5%, respectively. This rapidly
renaturing component did not increase significantly in the
heterochromatin plus nucleoli fraction and increased only
slightly to 7% in pure nucleoli fractions.
Previous studies by Comings, 1973, have shown that
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the Japanese quail possesses a heavy G+C-rich satellite
and that the DNA of this satellite renatures more rapidly
than the main band DNA, indicating it is enriched in
repetitious sequences. Purified satellite DNA centrifuged
under denaturing conditions (pH 13) separated into three
bands,demonstrating that at least in a portion of the
satellite the bases were non-randomly distributed between
the two half helices.
Chicken DNA proved to be of great interest in that there
was a significant heavy shoulder component constituting 30%
of total DNA in all nuclear subfractions. Detailed studies
of heavy shoulder DNA, by centrifugation of denatured and
renatured chicken DNA, demonstrated the presence of rapidly
renaturing satellite fractions constituting approximately
5% of the total in DNA from the heterochromatin plus nucleoli
and pure nucleoli fractions (Comings and Mattocia, 1970;
Edwards and Coleman, 1973; Edwards et ^. , 1976).
Blake and Gove (1978) demonstrated that DNAs from
chicken embryo bursa and liver show discrete bands on a
broad background by high resolution direct-derivative melting
profiles. They established these bands to represent repeti¬
tive sequences. Analyses of second derivative profiles,
spectral dispersion, renaturation time and temperature, and
hydroxyapatite fractionation provided means of resolving
independent species of repetitive DNA, their G+C composition,
sequence length, and number of copies/cell.
CHAPTER III
MATERIALS AND. METHODS
Extraction and Purification of DNA
To isolate DNA from 12-day Pharoah quail embryos, the
procedure of Marmur (1967) was used to obtain purified DNA
samples. DNA samples were prepared by dissecting out the
embryos and removing the beak and developing nails to
eliminate excess polysaccharides which may contaminate the
culture. The embryos were homogenized in 8 volumes of
saline-ethyl diamine tetracetic acid (SEDTA). Sodium
dodecyl sulfate (SDS) was added to the homogenate and shaken
for 1 hr at room temperature to lyse the cells, denature pro¬
teins and disassociate the protein from the nucleic acids.
Thereafter, 300 mg of NaCl per ml of DNA solution was added
to the homogenate and shaken for 0.5 hr at room temperature.
The technique of sevaging was pursued by adding equal volumes
of chloroform-isoamyl alcohol (CIA) to the homogenate, shaken
for 1 hr at room temperature, and centrifuged at 10,000 RPM
for 10 min at 4 C in an International Equipment Company
refrigerated centrifuge. The supernatant was sevaged twice
more and the nucleic acids were precipitated overnight in
95% ethanol. The nucleic acids were resuspended in O.IXSSC
(0.015 M NaCl and 0.0015 M Na Citrate) digested in Ribonu-
cleases A&T, and alpha amylase for 30 min at 37 C to digest
the RNA, glycogen and other polysaccharides. Afterwards,
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the nucleic acids were digested in pronase for 2 hr to
digest all other proteins that were left. The nucleic acid
solution was brought to 0.5% SDS volume and a 0.1% SSC
voliime and the process of sevaging was applied. The aqueous
phase was precipitated overnight in 95% ethanol and dialyzed
for 72 hr to eliminate excess ethanol, mononucleotides and
monosaccharides. The purity of the DNA was determined
spectrophotometrically at wavelengths of 260, 280, 230, and
320 nm. The DNA samples used had 260/280 and 260/230 ratios
greater than 2.0.
Fractionation by Preparative CsCl Gradients
Approximately 6.52 gm of saturated CsCl solution was
weighed out in a polyallomer centrifugation tube and 1 ml
of purified DNA solution which equals to approximately 400
yg of DNA was added to the tube. Buffer (O.lXSSC) was
added to the tube to increase the weight of the DNA solu¬
tion to 1.11 gm, the refractive index adjusted to 1.3994 by
adding CsCl or O.lXSSC to give a final density of 1.700 g/ml
and the solution was spun in a Beckman L5-75 ultracentrifuge
using a Beckman type 50 rotor at 45,000 rpm for 40 hr.
Fractions were collected from the bottom of the centrifuge
tube which had been pierced with a 27 gauge needle, diluted
with distilled water, the optical density determined, and
the appropriate fractions pooled which contained the satel¬
lite DNA. The purity of the fractions was routinely
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estimated by analytical ultracentrifugation.
Ultracentrifugation of DNA in
Equilibrium Density Gradients
The technique of equilibrium density centrifugation
was used to determine the buoyant density of quail DNA.
Neutral analytical gradients were prepared by combining
2 yg of DNA, 0.65 g of solid CsCl, 2 yg of Micrococcus
luteus DNA, and 5 yl of O.lXSSC. The total volume was
brought up to 0.6 ml with distilled H2O and adjusted to a
final density of approximately 1.400 g/cm^. For alkaline
analytical gradients, 3 yg of DNA solution, 0.68 g of solid
CsCl, 2 yg of M. luteus DNA, and 0.08 ml of 0.1 N NaOH were
combined, the total volume brought up to 0.6 ml with
distilled water and adjusted to a final density of 1.4030
and pH of 13.5. The samples were centrifuged in the Beckman
Model E Analytical Ultracentrifuge at 44,000 RPM for 19 hr
at 20 C in the AND-titanium rotor or in the Beckman L5-75
preparative ultracentrifuge at 50,000 RPM for 24-40 hr at
20 C in the type 50 aluminum rotor.
Determination of DNA Base Composition From
Melting Profiles in Dilute Buffer
Melting temperature profiles of DNA were determined by
the method of Mandel and Marmur (1967). DNA (100 yg)
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dissolved in O.lXSSC was added to teflon stoppered quartz
duvettes with a 1 cm light path and 3 ml capacity and insert¬
ed into the spectrophotometer to which was attached a Haake
bath for regulating the temperature. All DNA samples had
been dialyzed against O.lXSSC for 72 hr at 4 C to eliminate
contaminating traces of phenol or chloroform. Afterwards the
temperature was raised 1 C every 5 min and OD 260 was contin¬
uously monitored. The temperature was increased to 95 C, at
which a plateau was observed. The G+C content of the samples
in O.lXSSC was determined from the equation: G+C = (Tm-53.9)
2.44. The absorbance value given for each increase in tempera¬
ture was plotted against the temperature in the cuvettes.
In determining the Tm of the DNA, the temperature of the
chamber was quickly raised to about 5 C below the estimated
onset of the melting region after first measuring the optical
density at 20 C. The temperature of the spectrophotometer
chamber was raised by circulating hot water through two ther¬
mal spacers on either side of it. To protect the photocell,
spacers with slowly circulating tap water at room temperature
were placed adjacent to thermal spacers circulating the hot
water.
A sharp increase in the absorbance occurred in the
transition where the DNA denatured. When no further increase
occurred on raising the temperature, the denaturation was
considered to be completed.
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Molecular Weight Determination of DNA
by Moving Boundary Sedimentation
To calculate the molecular weight of Pharoah quail
DNA, 10 yg of DNA, 65.9 yl of 0.9 N NaCl, and 3.2 yl of
0.1 N NaOH were spun for 30 min at 44,000 RPM at 20 C in
the Model E Ultracentrifuge, using a 2-cell rotor. Scans
were taken at 4-rain intervals with an exposure time of 10
seconds. The exposure time is plotted against the actual
distance traveled and the molecular weight was calculated.
Extraction of DNA
Chick embryonic tissue was weighed and homogenized in
4 vol of cold sodium acetate buffer, pH 7, and lysed by adding
20% sodium lauryl sulfate (SLS)(0.5-1% final concentration),
and shaken for 1.5 hr. The lysate was extracted twice at room
temperature and spun for 10 min at 12,000 RPM at 4 C. The
supernatant was collected, and precipitated with 80% ethanol
overnight. The RNA was pelleted by spinning at 12,000 RPM
for 30 min, resuspended in 80% ethanol 3 times to eliminate
any remaining phenol, and dissolved in 0.01 M sodium acetate
buffer, pH 7, At all times, the experiments were performed
on ice.
To eliminate remaining DNA from the RNA solution, the
RNA solution was put into a vial and heated for 3 min at
100 C, quickly chilled in an ice water bath, and filtered
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through a nitrocellulose filter. Single stranded DNA
stick to the nitrocellulose filter but RNA goes through
the filter.
Fractionation of Chicken RNA on Sucrose
Gradients (11 ml)
Gradients were prepared from 5% and 20% sucrose in
0.01 M sodium acetate buffer (pH 5) containing 1 ug/ml of
polyvinylsulfate. On top of the gradient was layered 1 ml
of RNA solution. The gradients were spun at 40,000 RPM for
6.5 hr at 4 C in a Beckman L5-75 Ultracentrifuge and about
30 fractions were collected through a hole pierced in the
bottom of the tube with the Gilson Fractionator. The ab¬
sorbance of each fraction was read at 260 nm. Fractions
which contained 18S and 28S RNA were pooled, lyophilized
down to 2-5 ml and precipitated by adding 0.1 vol of 1 M
NaCl and 2.5 vol of ethanol. The precipitate was pelleted
by centrifuging at 15,000 RPM for 15 min. The pellet was
redissolved in O.IXSSC for hybridizing with Pharoab quail
DNA to localize the ribosomal genes.
DNA-RNA Hybridization
Cesium chloride gradients were prepared, spun, 4 drop
fractions collected and the refractory index read at 25 C.
Each fraction was diluted, read on the spectrophotometer at
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260 nm, mixed with 0.1 ml of 1 N NaOH to denature the DNA
and placed on ice. Then, 0.1 ml of IN HCl was added to
neutralize the DNA solution. The DNA was immobilized on
filters by slow suction and each filter was washed with
15 ml of 6XSSC. The filters were placed in a vacuum oven
to dry at 60 C overnight, cooled to room temperature,
placed in iodinated RNA solution and incubated at 65 C for
16 hr. The filters were removed and washed several times
in 500 ml of 2XSSC, placed in 500 ml of RNase (20 yg/ml)
for 2 hr at 37 C, dried at room temperature for 1 hr and then
at 60 C for 1 hr. Each filter was placed in a scintillation
vial and counted in toluene-POPOP fluor.
CHAPTER IV
EXPERIMENTAL RESULTS
Characterization of Pharoah Quail by
CsCl Gradients
The purpose of these experiments was to examine the
biophysical properties of quail DNA in neutral and alkaline
cesiiim chloride gradients. The DNA of 12-day quail embryos
was banded by isopycnic centrifugation in neutral and
alkaline CsCl gradients. Analytical and preparative cen¬
trifugation in neutral CsCl revealed two low density minor
bands with buoyant densities of 1.695 and 1.706 and a major
band with a buoyant density of 1.718 g/ml (Fig. 1).
Main band DNA has a higher buoyant density than the
bands composing the satellite DNA, reasoning that the
satellite banded at the top of the gradient. Using the
formula of Schildkraut et al. (1962) for determining the
G+C content from the buoyant density, the average G+C
content of Satellite I was 47%, Satellite II 35%, while the
average G+C content of the main band DNA was 59%. In alka¬
line CsCl ultracentrifugation three bands of DNA were
clearly observed (Fig. 2). The larger of the three (main
peak DNA) banded on the heavy side of the two minor bands
(satellite DNA), indicating that the satellite DNA has a
lower G+C content, as compared to main peak DNA. Taken
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Fig. 1. Preparative CsCl profile of eleven day
Pharoah quail embryonic DNA. DNA was
dissolved in O.lXSSC, mixed with saturated
CsCl, and spun at 45,000 RPM at 20 C in a
Type 50 rotor for 42 hr. Main band has a
buoyant density of 1.718 g/ml and a G+C
content of 59%, Satellite I has a buoyant
density of 1.706 g/ml and a G+C content of
47%, and Satellite II has a buoyant density






Fig. 2. Purification of main band and satellite DNA
by alkaline CsCl ultracentrifugation. Gra¬
dients (4.5 ml) were prepared and centrifuged
for 42 hr at 45,000 RPM at 20 C in a Type 50
rotor. Fractions 10-35 contain the main band
DNA while fractions 36-39 represent Satellite
I and fractions 42-44 represent Satellite II.
The respective fractions were pooled as puri¬





togetlier, the minor bands constituted about 20% of the
total DNA.
Thermal Denaturation of Pharoah Quail DNA
The hyperchromicity was determined for total DNA
(Fig. 3a), main peak DNA (Fig. 3d) and satellite DNA
(Fig. 3b). The Tmsof Satellite I and II in O.IXSSC were
52 and 62 C, respectively. The breadth of the thermal
transition for each satellite was approximately 5-7 C.
When Pharoah quail DNA was heated in solution, a
sharp increase in its extinction coefficient occurred at
the temperature where the transition took place from the
native, doxible stranded structure to the denatured state.
The temperature at the midpoint of the absorbance rise,
Tm, is linearly related to the average G+C content; a low
G+C content confers a lower thermal stability.
When purified satellite DNA was heat denatured, two
classes of DNA were seen, melting at different temperatures.
Satellite I melted at a temperature of 62 C with a G+C con¬
tent of 47% and Satellite II melted at a temperature of
54 C, with a G+C content of 35%. The results show no
significant difference from the results seen when whole
DNA was denatured. The G+C content based on melting
temperature was the same for both experiments. In both
experiments, the melting temperature and G+C content
corresponded. Figure 3c shows a higher melting temperature
22
Fig. 3a. Melting profile of total Pharoah quail DNA
from 14-day embryos. Satellite I DNA has a
melting temperature of 54 C and a G+C con¬
tent of 35%. The main band DNA melts over
a narrow range of temperatures with a Tm of
76 C and a G+C content of 59%.
Fig. 3b. Melting profile of purified satellite DNA
from Pharoah quail embryos. Satellite DNA I
melts over a range of temperatures with a Tm
value of 54 C. Satellite II melts over a
range of temperatures with a Tm value of 62 C.
Fig. 3c. Melting profile of purified main band DNA
from Pharoah quail embryos. Main band DNA
melts over a narrow range of temperatures
with no indication of regions with sharp
increases in absorbance. Main band DNA
melts over a narrow range of temperatures




for main peak DNA. Main peak DNA melts over a broad range
of temperatures with a Tm value of 76 C and a. G+C content
of 59^ with no indication of regions with sharp increases
in absorbance.
Moving Boundary Sedimentation of DNA
The sedimentation coefficient, s, is the velocity in
centimeters per second at which a substance will sediment
in a field of one dyne. During our first scan after 4 min
of analytical centrifugation, we observed our DNA sample
to migrate 3 cm, giving an actual distance of 6.025 cm
(calculation explained in Table 1). After 20 min of cen¬
trifugation the DNA had sedimented an actual distance of
7.110 cm. The slope of the line that was given from the
scan readings is plotted in Fig. 4. The slope of the
line, which shows the course of sedimentation during the
run, is. a function of s, the rotor speed, and the inter¬
vals between exposures. In our experiment, this was done
for exposure intervals of 4, 8, 12, 16, and 20 min at a
speed of 44,000 RPM. The mean sedimentation of quail DNA
was 70s, giving a molecular weight of 2 x 10® daltons for
single stranded DNA. Upon centrifugation we were able to
use a simple graphical method that permitted us to cal¬
culate the molecular weight from the actual distance the
DNA migrated during centrifugation (Fig. 4).
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Table 1. Moving boundary migration of DNA in the presence
of 0.9 N NaCl and 0.1 N NaOH. Samples were spun
at 44,000 RPM at 20 C and scanned at 4 min
intervals.
Time (rriin) D - Mp
Actual Distance
D - Mp + 5.7cm
0 3cm 0.325 6.025
4 4.5cm 0.488 6.188
8 8.0cm 0.86 8 6.568
12 11.0cm 1.193 6.89 3
16 13.0cm 1.410 7.110
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Fig. 4. Analytical centrifugation and boundary
migration of DNA in the presence of 0.9 N
NaCl and 0.1 N NaOH. Samples were spun
at 44,000 RPM at 20 C, scanned at 4 min
intervals, and exposures were plotted
against the actual distance traveled. The
molecular weight was calculated to be 2 x 10®




Fractionation of rRNA by Sucrose Gradients
The fractionation of RNA species was accomplished by
sedimentation in a density gradient of sucrose. Readings
at 260 nanometers showed three distinct peaks. The
largest class of RNA sedimented at 28s while the second
largest class sedimented at 18s and the smallest classes
sedimented at 4s and 5s which are represented in the same
peak (Fig. 5). The 28s and 18s peaks of ribosomal RNA
were clearly visible and easily purified from the low
molecular weight species. It is seen in the results ob¬
tained that the heavier rRNA molecules (28s and 18s) are
contained in fractions 16-35 (Fig. 5).
Filter Hybridization of rRNA and rPNA
In order to determine where the ribosomal genes are
located in quail DNA, iodinated ribosomal RNA was hybridized
to DNA on filters, which had been fractionated in neutral
CsCl. We have isolated both main peak and satellite DNA
using CsCl gradients. Ribosomal RNA extracted from chick
embryonic tissue was hybridized with gradients containing
both main peak and satellite DNA preparations. The main
peak rRNA hybridizes almost exclusively with the main peak
DNA (Fig. 6). There is very little hybridization, if any,
within the satellite region. The rDNA of Pharoah quail
consists of molecules of buoyant density of 1.733 g/ml
(Table 2) .
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Fig. 5. Profile from 5-20% sucrose gradient; Frac¬
tions of RNA were isolated from 12-day
embryonic tissue by phenol extraction, layered
on a 5-20% sucrose gradient and spun at 40 ,000
RPM for 6.5 hr at 4 C in a Beckman L5-75
ultracentrifuge, collected and the optical
density read. Fractions 18-34 which contained




Fig. 6. Radioactive rRNA obtained from chick embryonic
tissue was hybridized to Pharoah quail DNA on
nitrocellulose filters. A peak of hybridiza¬
tion is seen on the heavy side of the main band
DNA at a density of 1.733 g/ml. The hybridiza¬
tion experiment was performed in 2XSSC for 16
hr at 65 C. Ribosomal DNA has a buoyant density
of 1.733 g/ml and a G+C content of 74%. The




Table 2. Biophysical properties of Pharoah quail DNA.




Main Band DNA 75 C 1. 718 59%
Satellite DNA I 62 C 1. 706 47%
Satellite DNA II 54 C 1.695 35%
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It can be observed in Fig. 6 that the rDNA molecules
are contained in fractions 3-8, banded on the heavy side
of the main peak DNA. The position at which the rDNA
banded indicates that it is rich in G+C base nucleotides,
banding at the bottom of the gradient.
CHAPTER V
DISCUSSION
The DNA of Pharoah quail embryos was examined using
isopycnic centrifugation in neutral CsCl. Two low density
minor bands (collectively termed satellite DNA) were detected
in addition to the main band DNA. Main band DNA has a higher
buoyant density than the peaks composing the satellite DNAs,
assuming that the satellite DNA banded at the top of the
gradient. In the alkaline CsCl gradient three peaks of DNA
were observed. The larger of the three peaks (main peak DNA)
banded at the bottom of the gradient, indicating that the
satellite DNAs have a lower G+C content, as compared to main
peak DNA. Taken together, the minor peaks (satellite DNA)
constitute about 20% of the total DNA.
The gradient profile obtained after centrifugation of
total Pharoah quail DNA in preparative CsCl gradients showed
the satellite DNAs to be as slight shoulders on the low
density side of the main peak. Main peak DNA has a 54% G+C
content and a 46% A+T content. Satellite II has a 44% G+C
content and a 56% A+T content. Satellite DNA profiles
indicated the base composition to be distinctly different
from main peak DNA components. One of the remarkable charac¬
teristics of Pharoah quail DNA was its interstrand bias in
base composition, one strand being richer in guanine and/or
35
36
thymine than its component. They separated into distinct
bands during isopycnic CsCl centrifugation, which allowed
us to emphasize the widely divergent properties of A+T
rich satellite DNA isolated from Pharoah quail total DNA.
When satellite DNAs from Pharoah quail are denatured
by alkali, or by heating, they show three different melting
profiles, which have widely different compositions. When
isolated from preparative alkaline CsCl density gradient
experiments, the complementary strands show different
buoyant densities. It is very interesting to remark, in
contrast with.the main peak DNA, the satellite DNA shows
buoyant densities and melting temperatures which are signi¬
ficantly different from those predicted on the basis of their
composition. The melting temperatures correspond to G+C
content.
Our results confirm the frequently noticed trend that
the greater G+C content, the smaller the hyperchromicity.
This suggests that, after heat denaturation, there is greater
residual hypochromism in G+C-rich single strands than in
A+T-rich single strands. We assume that the residual hypo¬
chromism is presumably due to the single strands existing
in a partially helical configuration. Pardue and Gall (1970)
applied this model to the transition of (fully) helical
single strands to random coils and found the Tm to be of
the order of 2-3 C, which is in good agreement with the
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experimental value for poly A determined by Sutton and
McCallum in 1972. Nevertheless, the experiments reported
here, all carried out under the same conditions, show no
differences in the profiles correlated with the base compo¬
sition of the samples over the range of sodium ion
concentrations studied.
Alkaline CsCl centrifugation separated each satellite
into complementary strands. The difference in the densities
of the complementary strands which reflect, the short repeat
length of the satellite and the nonrandom distribution of
the bases along each strand made it possible to isolate the
satellite by one round of preparative centrifugation (Flamm
et al. , 1967) . Filter hybridization experiments show that
rRNA hybridizes almost exclusively with main band DNA. This
experiment shows that rDNA is G+C rich, banding on the heavy
side of the main band DNA.
The association of satellite DNA, comprising about 20%
of the genome, with heterochromatin in the Pharoah quail is
in agreement with similar observations made in the mouse
(Yasmineh and Yunis, 1970b and 1971) and the guinea pig
(Yasmineh and Yunis, 1970a). However, aside from this and
the fact that all the satellite DNAs observed in these
species are composed of families of highly repetitive
sequences (Britten and Kohne, 1968; Flamm et ^., 1967;
Pardue and Gall, 1970), they have little else in common.
The dissimilarities among the satellite DNAs are well
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illustrated by their base composition. For example,
mouse satellite DNA is rich in A+T (A+T/G+C=l.94) and
is composed of one strand rich in T(45%) and the other
rich in A(45%)(Flamm et , 1967). Guinea pig DNA shows
two satellite DNAs, one of which has the same base compo¬
sition as bulk of the DNA (A+T/G+C=l.60) but its strands
show drastic differences in G+C content, one strand almost
devoid of G(3%) and the other almost devoid of C(3%). The
other satellite DNA is higher in G+C content than the bulk
of the DNA (A+T/G+C=l.30) and its strands also show an imbal¬
ance in G+C content, although not as drastic (Yasmineh and
Yunis, 1970a).
Relatively little is known about the role of consti¬
tutive heterochromatin. Based on work in Drosophila and in
mammals it has been postulated that constitutive heterochroma¬
tin is genetically inert and may play a role in chromosome
rearrangement during evolution (Schlidkraut et ^., 1962;
Hatch and Mazrimas, 1974; Marmur, 1967j Sutton and McCallum,
1972; Eckhardt, 1971). More recently the extreme variation
in the content of constitutive heterochromatin of rodents
of the subfamily Microtinea (Skinner and Beattie, 1974)
has found satellites with base compositions distinctly
different from the main DNA components. One of the most
remarkable characteristics of satellite DNAs in general is
their interstrand bias in base composition, one strand being
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richer in guanine and/or thymine residues than its comple¬
ment. Such asymmetry of base composition has been found
in satellites from the mouse (Chun and Littlefield, 1973) and
the guinea pig (Flamm et , 1967) .
The present paper concerns the isolation and charac¬
terization of Pharoah quail DNA by centrifugation of the
total DNA in neutral CsCl density gradients, separation of
their complementary strands in alkaline CsCl, heat denatura-
tion profiles and reassociation kinetics. The satellite
DNAs of the Pharoah quail have been isolated and some of
their physical and chemical properties have been determined.
These data indicate the arrangements of DNA molecules in
the quail genome. The satellite sequences are clustered and
are repeated many times within the chromosomes. This allows
for the repetitive DNA molecules to band as separate peciks
from the main band DNA.
CHAPTER VI
SUMMARY
The major findings of tJiis study, when using CsCl
gradients, were; (ci) main band showed a buoyant density
of 1.718 g/ml, a melting temperature of 75 C and G+C con¬
tent of 59%; (b) Satellite I showed a buoyant density of
1.706 g/ml, a melting temperature of 62 C and a G+C con¬
tent of 47%; (d) Satellite II showed a buoyant density of
1.695 g/ml, and melting temperature of 54 C and a G+C
content of 35%, and rDNA showed a buoyant density of 1.733
g/ml and a G+C content of 74%. In alkaline CsCl ultra¬
centrifugation three bands of DNA were clearly observed,
shown in the data. The larger of the three banded on the
heavy side of the two minor bands, indicating that the
satellite DNA has a lower G+C content as compared to main
peak DNA. Taken together, the minor bands constituted about
20% of the total DNA.
The mean sedimentation of quail DNA was 70s, giving
a molecular weight of 2 x 10® daltons for single stranded
DNA. The main band of high molecular weight quail DNA which
had been fractionated in neutral CsCl hybridizes almost
exclusively with rRNA, There is very little hybridization,
if any, within the satellite region. The rDNA of Pharoah
quail consists of molecules of buoyant density of 1.733 g/ml.
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